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PREFACE 


This  effort  is  a  continuation  of  the  Pacific  Siena  Research 
Corporation  (PSR)  study  of  the  global  effects  of  a  nuclear  exchange. 

In  this  report,  a  classification  theory  for  grouping  similar  cities  is 
developed.  Estimates  of  smoke  production  from  urban  areas  could  thus 
account  for  differences  in  U.S.  cities.  The  classification  scheme  is 
one  part  of  our  urban  area  smoke  production  analysis.  Other  volumes 
in  this  series  describe  the  structure  of  U.S.  cities,  collocation  of 
target  and  urban  areas,  fuel  loadings,  and  an  estimate  of  smoke 
produced  by  a  nuclear  strike  against  the  United  States. 
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SECTION  1 


INTRODUCTION 


Several  hundred  thousand  square  kilometers  of  urban  and  nonurban 
land  could  be  burned  as  a  result  of  a  nuclear  exchange  between  the 
superpowers.  The  nonurban  areas  would  produce  only  a  minimal  amount 
of  smoke  [Small  and  Bush,  1985]--far  less  than  the  cities  [Turco 
et  al.,  1987].  Wildland  fuel  loadings  are,  in  general,  small  (usually 
less  than  1  g/cm^)  and  fire  starts  are  strongly  dependent  on  fuel 
moisture  and  weather.  That  is  not  so  for  the  urban  areas  where  fuel 
loads  can  be  1  to  2  orders  of  magnitude  greater.  The  combustibles  in 
cities  are  essentially  dry,  and  weather  is  not  a  primary  variable. 

The  composition  of  a  city  (size,  land  use,  building  densities, 
transportation  arteries,  open  areas,  etc.)  is,  however,  important. 

Not  all  cities  ar  alike.  A  generic  model  of  a  city's  structure 
or  building  distribution  is  not  likely  to  be  an  accurate  repre¬ 
sentation  of  all  U.S.,  European,  and  Soviet  cities.  Similarly,  a 
single  real  city  is  probably  a  poor  model  for  the  set  of  all  U.S. 
cities  (Los  Angeles  is  quite  unlike  Baltimore;  Seattle  is  different 
from  Nashville;  etc.).  Yet,  some  cities  are  seemingly  similar.  Such 
cities  could  be  grouped,  providing  a  technical  basis  for  similarity  is 
identified. 

Several  measures  of  urban  areas  describe  rank,  but  do  not  distin¬ 
guish  urban  geographies.  City  area,  population,  and  population  den¬ 
sity  are  such  measures.  Although  each  is  relevant  in  describing  an 
urban  area,  fuel  loadings  and  probable  fire  vulnerabilities  are  not 
easily  derived  from  such  parameters.  The  functional  role  [Smailes, 
1955],  socioeconomic  factors,  geographical  location,  topography, 
climate,  and  age  of  a  city  may  be  more  relevant  parameters. 

Zonal  (Burgess,  1929]  or  sector  [Hoyt,  1964]  city  models  are 
first-order  descriptions  of  city  structure  based  on  function  and 
socioeconomic  factors.  In  each  model,  a  city  is  divided  into 
geographic  sections  according  to  general  function  or  usage.  Not  all 
cities,  however,  could  be  described  by  either  of  those  models. 
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Nevertheless,  a  formalized  method  for  estimating  combustible  loadings 
is  s  .ggested . 

The  first  nuclear  winter  studies  ( Crutzen  and  Birks  1982;  Turco 
et  al.,  1983;  and  Crutzen,  Galbally,  and  Bruhl ,  1984]  used  either  a 
zonal  city  model  or  industrial  production  statistics  to  estimate  the 
amount  of  combustible  material  in  Northern  Hemisphere  urban  areas. 

The  zonal  model  recognizes  different  land  uses  and  fuel  densities  in  a 
crude  manner,  but  is  probably  not  representative  of  any  particular 
contemporary  U.S.  city  [Scargill,  1979]  or  group  of  cities.  Fuel 
loadings  based  on  production  statistics  neglect  city  geography  com¬ 
pletely  and  rely  on  either  the  urban  population  or  the  number  of 
buildings.  Crutzen,  Galbally,  and  Bruhl,  [1984]  compared  estimates 
and  found  substantial  (=*  250  percent)  differences. 

The  distribution  of  combus  ibles  in  an  urban  area  determines 
nearly  all  the  important  fire  parameters  such  as  burning  intensity, 
fire  duration,  spread,  and  smoke  production.  Other  factors  such  as 
scenario,  specific  emission  factors,  target  location,  etc.,  are  also 
important,  but  can  be  established  independent  of  the  urban  geography. 
The  distribution  of  combustibles  (fuel  loading),  however,  is  closely 
related  to  the  city  structure.  High  building  density  city  areas  could 
support  intense,  long-burning  fires;  low  building  density  or  open 
areas  may  support  only  weak  fires.  Each  city  could  be  different. 

In  this  report,  we  identify  characteristics  of  urban  areas  that 
influence  fire  behavior,  and  develop  correlations  that  distinguish 
groups  of  cities.  The  classification  of  individual  cities  is  based  on 
land  use  (residential,  commerical,  industrial,  etc.),  which  is  closely 
related  to  combustible  densities.  U.S.  cities  are  divided  into  six 
classes.  Estimates  of  smoke  production  based  on  analysis  of  one  or 
more  cities  from  each  class  systematically  account  for  differences  in 
urban  geographies.  Such  estimates  are  presented  in  Vol.  6  of  this 
report  series.  In  this  volume,  the  classification  theory  is 
developed. 
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SECTION  2 

CITY  CLASSIFICATION 

A  single  generic  model  of  city  geography  would  be  a  poor  basis 
for  calculating  fire  behavior  and  estimating  smoke  production  for  all 
Northern  Hemisphere  cities  unless  it  is  demonstrated  that  the  model 
represents  the  mean  characteristics  of  a  group  of  cities.  That  has 
not  been  done.  Thus,  even  though  a  particular  model  may  well  ap¬ 
proximate  building  or  fuel-loading  distribution  in  a  designated  city, 
if  used  to  represent  all  urban  areas,  it  may  significantly  overes- 
tima’e  or  underestimate  the  amount  and  density  of  combustibles.  The 
estimate  of  smoke  production  would  b'  at  least  as  uncertain  as  the 
fuel  estimate. 

Urban  areas  are  not  generally  classified  or  grouped  by  combus¬ 
tible  distributions.  Although  there  are  a  number  of  variables  that 
identify  fuel  loading  differences  in  cities,  those  that  distinguish 
groups  of  cities  or  are  proper  correlates  are  not  readily  apparent. 
Clearly,  however,  even  a  simple  classification  theory  can  account  for 
differences  between  cities.  For  example,  a  more  precise  smoke  es¬ 
timate  could  be  made  by  classifying  cities  as  either  industrial  or 
nonindustrial.  The  fuel  loadings  differ  for  the  two,  and  if  the 
industrial  cities  are  more  heavily  targeted,  the  smoke  production 
would  be  greater.  Even  this  simple  two-category  classification  more 
appropi iately  weights  scenario  and  industrial/nonindustrial  city 
character istics  than  a  single  generic  model. 

In  the  above  example,  function  was  the  specific  correlate,  and  we 
assumed  that  there  was  a  corresponding  structural  difference  in  the 
two  types  of  urban  geography.  In  general,  cities  with  concentrations 
of  industry  have  greater-than-average  fuel  loadings,  but  even  within 
this  single  class  there  may  be  wide  variations.  The  older  manufactur¬ 
ing  cities  in  the  East  and  Midwest  may,  for  example,  be  more  dense 
tnan  the  relatively  newer  cities  of  the  West.  A  classification  system 
with  more  than  two  categories  is  needed. 
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Function  (i.e.,  industrial,  commercial)  implies  density,  hut  a 
single  category  is  evidently  not  sufficient  to  group  cities,  because 
several  elements  combine  to  define  city  structure.  Transportation 
arteries,  topography,  age,  and  economic  functions  (dominant  in¬ 
dustries,  commerce,  per  capita  income,  etc.)  influence  city  develop¬ 
ment  and  use  of  the  land.  Manufacturing,  or  industry,  is  one  type  of 
land  use.  Others  include  housing,  commercial  areas,  streets,  parks, 
cemetaries,  golf  courses,  and  open  areas.  Each  of  these  types  of  land 
use  can  be  assigned  a  fuel  or  combustible  loading  value;  correlation 
of  multiple  variables  is  required. 

While  it  is  clear  that  fuel  loading  relates  to  land  use,  there  is 
no  apparent  correlation  of  urban  land  use  with  the  economic, 
demographic,  and  geographic  parameters  that  could  be  used  to  distin¬ 
guish  classes  or  groups  of  cities.  There  are,  however,  several  data 
sets  that  identify  observable  characteristics  of  U.S.  urban  areas. 
Demographic  and  economic  data  have  been  compiled  by  the  Bureau  of  the 

a, 

Census  [Goldfield,  1967]  and  data  on  urban  land  use  by  Manvel 
[1968],  In  the  following  analysis,  regressions  are  developed  to 
identify  the  statistically  significant  city  descriptors  related  to 
fuel  loading.  Natural  groupings  are  indicated  by  the  deviation  of 
individual  cities  from  the  regressions.  Cities  in  the  same  group  show 
similar  magnitude  deviations.  The  groupings  suggested  by  the  varia¬ 
tions  apparent  in  the  regressions  are  further  developed  through  an 
analysis  of  variance  of  the  land  use  categories. 

Several  land  use  classification  systems  have  been  developed. 

Since  end  users  range  from  local  and  regional  political  agencies  to 
private  organizations  there  is  no  unique  categorization.  Three  class¬ 
ifications  are  shown  in  Table  1.  In  each,  residential,  commercial, 
and  industrial  areas  are  distinguished.  The  six-  and  eight-class 
schemes  [Manvel,  1968]  further  identify  single-  and  multiple-family 
residential  use;  the  Land  Use  for  Developed  Area  (LUDA)  scheme  [Ander- 

*Manvel's  compilation  is  based  on  a  survey  of  106  cities  with 
populations  greater  than  100,000  people.  The  sample,  although 
extensive,  is  weighted  somewhat  toward  the  larger  cities  (there  are 
173  census  places  with  population  greater  than  100,000  and  965  cities 
with  population  between  25,000  and  100,000). 
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soil  et  al  .  ,  1^/6]  defines  two  categories  of  mixed  usage.  The  eight  - 

class  breakdown  includes  categories  for  educational  facilities  and 
transportation.  (Educational  facilities  are  considered  commercial  in 
the  other  classifications.)  The  LUDA  scheme  classifies  public  or 
semipublic  (parks,  cemetaries,  golf  courses,  etc.)  areas  as  either 
commercial  or  other.  Street  area  is  not  a  LUDA  category.  Each  class¬ 
ification  describes  major  urban  divisions  that  could  correlate  with 
combustible  loadings.  Statistics  for  the  six-class  groupings  are 
presented  in  the  main  body  of  this  report;  results  based  on  the  eight- 
class  and  LUDA  breakdowns  are  presented  in  the  appendix. 

The  correlation  coefficients^  listed  in  Table  2  (and  in  the 
appendix)  indicate  the  directness  of  the  relationship  between 
demographic  and  economic  parameters  and  the  types  of  land  use  for  each 
classification  scheme  shown  in  Table  1.  The  coefficients  identify  the 
principal  urban  descriptors.  For  example,  measures  of  rank  such  as 
population  or  unincorporated  area  correlate  poorly  (r  -  0.5)  with  land 
use.  The  number  of  families,  however,  shows  a  strong  correlation 
(r  =  0.9)  with  most  categories  of  urban  land  use.  Similarly,  employ¬ 
ment,  the  number  of  housing  units,  and  to  a  lesser  extent,  the  total 
urban  or  developed  area  correlate  well  with  the  land  use  classes. 

Although  population  is  apparently  a  poor  correlate,  deviations 
from  the  regression  curves  suggest  that  within  a  population  group,  the 
correlations  might  improve.  Large  metropolitan  areas,  for  example, 
may  be  similar;  cities  with  population  (say)  between  100,000  to 
250,000  may  be  alike.  The  regressions  also  seem  to  indicate  a 
geographic  bias  or  grouping  of  cities  by  region,  roughly  consistent 
with  variations  in  economic  activity.  The  first  uses  a  type  of  rank 
as  a  correlate;  the  second  uses  location.  To  test  the  first 
hypothesis,  four  population  classes  are  defined.  Although  the  cor¬ 
relations  were  weak,  some  trends  were  apparent.  The  fraction  of 
built-up  area  devoted  to  single-family  residences  showed  no  sig- 


*For  the  correlation  coefficient  r,  the  quantity  1  -  r^  represents 
the  fraction  of  the  error  in  one  regression  variable  that  can  be 
attributed  to  errors  in  the  other.  Thus,  values  of  r  near  1  indicate 
strong  correlation,  and  those  near  zero  imply  weak  correlation. 
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Table  2.  Cone  1  a  t  i  on  coefficients  tor  six-class  breakdown  versus  census  data. 


Six-Class  Area  Breakdown 


Single-  Multiple- 

Census  Data  Family  Family  Commercial  Industrial  Street  Public 


Incorporated  area 
Urban  area*1 
Population 
Families 
Housing  units 
Employment 
Retail  firms 
Retail  employment 
Wholesale  firms 
Wholesale  employment 
Service  firms 
Service  employment 
Commercial  firms 


0.72 

0.45 

0.59 

0.99 

0.90 

0.92 

0.43 

0.64 

0.73 

0.91 

0.91 

0.83 

0.89 

0.90 

0.80 

0.91 

0.91 

0.83 

0.83 

O 

00 

0.84 

0.85 

0.82 

0.83 

0.84 

0.63 

0.65 

0.66 

0.87 

0.95 

0.55 

0.60 

0.86 

0.59 

0.83 

0.90 

0.20 

0.80 

0.87 

0.17 

0.82 

0.89 

0.20 

0.76 

0.73 

0.74 

0.24 


Commercial  employment  0.85 

Manufacturing  firms 

Manufacturing  employment 

Production  workers 

City  government  employment 

Multiple-family  units  0.79 


aEqual  to  sum  of  land  areas  for  the  six  classes. 
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nificant  variation,  but.  the  area  devoted  to  mu  1 1  i  p  1  e- i  am  i  1  y  residences 
decreased  with  size  for  each  class.  Surprisingly,  the  industrialized 
fraction  of  urban  areas  varied  inversely  with  the  population  classes. 
The  geographic  pattern  apparent  in  the  regressions  suggested  that  both 
time  and  region  of  settlement  during  the  growth  of  the  U.S.  strongly 
influenced  the  land  use  characteristics  of  cities.  Age  is  thus  a 
likely  correlate. 

The  century  in  which  a  major  city  was  founded  (Northam,  197b] 
turns  out  to  be  a  markedly  better  method  (than  population  rank)  of 
categorizing  cities.  It  accounts  for  the  age  of  a  city  and  roughly 
indicates  a  geographic  bias  similar  to  that  observed  in  the  regres¬ 
sions  of  demographic  and  land  use  data.  Figure  1  shows  the  regions  of 
development  by  century  of  foundation  for  U.S.  cities  (in  the  con¬ 
tiguous  48  states)  with  populations  over  100,000  in  1970.  Early 
development  was  mainly  in  the  coastal  areas.  Cities  in  inland  areas 
developed  first  along  the  major  rivers,  then  along  rail  lines,  and 
finally  along  major  highways. 

The  differences  in  land  use  based  on  the  century  in  which  a  city 
was  founded  are  shown  in  Fig.  2.  Large  changes  in  fractional  land 
area  are  indicated  for  multiple-family  housing  (Fig.  2b)  and  industry 
(Fig.  2d),  although  the  largest  statistically  significant  changes 
(based  on  an  analysis  of  variance)  are  in  the  fractional  land  area 
used  for  single-family  housing  (Fig.  2a)  and  streets  (Fig.  2e).  The 
importance  of  city  age  is  demonstrated  in  Fig.  3.  Newer  cities  have 
developed  somewhat  less  than  half  their  incorporated  areas;  older 
cities,  particularly  those  formed  in  the  seventeenth  and  eighteenth 
centuries  utilize  most  of  their  incorporated  areas.  This  implies 
higher  densities  in  the  older  cities. 

In  distinguishing  city  structure  or  land  use  by  century  of  foun¬ 
dation,  a  regional  similarity  in  groups  of  cities  is  apparent  (cf. 
Figs.  1  and  2).  The  resolution  is  limited,  however,  since  century 
rather  than  a  geographical  parameter  is  the  principal  correlate. 
Nevertheless,  the  basis  for  a  more  precise  division  is  established. 
Using  economic  data  [Goldfield,  1967;  Bureau  of  the  Census,  1983] 
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a.  Single  family. 


b.  Multiple  family. 
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in  « ■  t  mil  1 1  n. i !  Inn  with  K I  g .  I,  .i  mi  in-  ii.ittii.il  itglon.il  hic.ihilown  is 
upp.it  cut  . 

St  .it  <  ■  hound,  n  i  is  ,ii  <•  obvious  rep, ion  dividers,  vet  <■  i  t  v  groups 
developed  us  I  up.  surli  dein.iri.it  ions  do  not  exhibit  significant  variation 
in  the  land  use  rl.isscs,  the  p.roiipinp.s  are  not  st  at  i  st  i  ra  1  1  v 
distinct  .  Add  i  tip,  or  deletinp,  states  I  min  the  rep,  ions  does  not  p, really 
improve  t  tie  distinction  indicated  by  the  century  of  foundation 
classification.  The  political  (state)  lines  are  somewhat  arbitrary 
and  do  not  necessarily  reflect  dcmograpli  i  c  and  economic  trends  such  as 
the  location  and  sire  of  different  industrial  centers  and  the  develop¬ 
ment  of  cities  a  I  onp,  transportation  arteries. 

Beginning  with  the  basic  separat  ion  indicated  by  the  century  of 
foundation  cat  ep.or  i  ;:at  i  on  and  demographic  data,  regional  boundaries 
were  developed  such  that  distinguished  sets  or  groups  of  cities  were 
formed.  Some  divisions  are  natural --on  the  West  Coast,  cities  in 
Northern  California  are  more  similar  to  those  in  the  Pacific  Northwest 
than  to  t hose  in  Southern  California,  which  forms  a  separate  and 
distinct  region.  Although  it  is  the  smallest  of  the  six  geographical 
regions,  it  contains  the  major  economic  concentrations  and  population 
centers  of  the  western  U.S.  The  boundary  between  the  region  contain¬ 
ing  the  industrial  centers  in  the  Midwest  and  Ohio  Valley  (northern 
group)  and  the  cities  of  the  northeastern  corridor  splits  Pennsylvania 
and  Virginia;  Pittsburgh  is  in  the  northern  group,  Philadelphia  in  the 
northeastern  group.  Such  division  more  properly  recognizes  economic 
roles  and  thus  a  city's  fuel-loading  characteristics  than  a  political 
boundary.  The  southern  regional  boundary  splits  Missouri,  Kentucky, 
Virginia,  and  West  Virginia  in  the  north  and  Arkansas  and  a  small  part 
of  Texas  in  the  west..  The  southwestern  region  extends  to  California 
in  the  west  and  splits  Idaho,  Wyoming,  and  Nebraska  in  the  north. 

The  six-cLass  land  use  breakdown  applied  to  each  of  the 
geographic  regions  is  shown  in  Fig.  U .  In  the  appendix,  similar 
results  are  shown  for  the  LUDA  and  eight-class  breakdowns.  The  region 
boundaries  are  shown  in  Fig.  5.  With  the  exception  of  public  and 
semipublic  land  use,  there  are  significant  regional  differences  in  all 
land  use  categories.  Land  use  distinctions  between  the  regions,  but 
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a.  Single  family. 


b.  Multiple  family. 


c.  Commercial.  d.  Industrial. 


e.  Street.  f.  Public,  semipublic. 


Noli.'  Error  bm  rrprcNfit  om  ittndud  dtvMon. 

Figure  4.  Land  use  fractional  areas  for  cities  in  classification 
groups  (six  land  use  classes). 
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similarity  within  I  In-  implies  values  (nr  combust  1 h  1  e  den 

sllies  nil  i  f  1 1  ii  •  to  each  group  n)  cities. 

(lilies  in  tin-  Northeast  (NK)  have  a  noticeably  sin.  il  lei  fraction 
of  developed  area  devoted  to  s i ng I r - t am i 1 v  housing,  and  a  larger  than 
average  f  lac  t  ion  devoted  to  mill  t  iple-fainilv  lions  hip,.  This  implies 
hip, her  than  averap.e  population  and  huildinp,  densities;  such  trends  are 
cons i s ' out  with  the  ape  and  development  pel  iod  of  those  cities. 

Both  the  Nor  t  Insist  and  West  (W)  have  inn  1 1  i  p  1  e  -  f  am  i  1  v  proportions 
more  than  a  factor  of  )  p.reater  than  other  regional  averap,es.  The 
Northeast,  South  ( S )  and  West  show  similarities  in  commercial  land 
use.  Also  notable  is  the  intense  industrial  land  use  in  the  North  (N) 
(sec*  F  i  p, .  Ad).  Much  of  the  U.S.  industrial  capacity  is  in  that 
region,  and  t  lie  cities  have  hip, her  than  average  numbers  of  factories 
or  industrial  floor  space .  Such  differences  influence  the  fuel 
loading, s.  There  is  a  high  land  use  fraction  dedicated  to  streets  in 
the  Northwest  (NW)  (see  Fig.  Ae);  use  in  this  category  is  nearly 
constant  across  the  other  regions. 

Similar  statistics  were  developed  for  the  eight-class  and  LUDA 
land  use  breakdowns  (shown  in  the  appendix).  The  trends  apparent  in 
tiie  six-class  scheme  are  repeated  in  the  eight-class  breakdown,  with 
the  exception  of  the  amount  of  developed  area  devoted  to  transporta¬ 
tion  facilities.  Significant  differences  between  the  West  and 
Northwest  and  the  other  regions  are  obtained  for  this  land  use. 
Regional  differences  are  less  pronounced  in  the  LUDA  categorization, 
which  uses  a  single  classification  of  residential  land  use  rather  than 
dividing  that  usage  into  high  (multiple-family)  and  low  (single- 
family)  density  categories.  The  use  of  mixed  categories  (LUDA  16  and 
LUDA  17)  smooth  the  differences  in  variance  apparent  with  six-  and 
eight-class  land  use  breakdowns.  An  analysis  based  on  per  capita  land 
area  rather  than  land  use  is  also  presented  in  the  appendix.  The 
results  show  that  the  classification  based  on  land  use  better  repre¬ 
sents  economic  function  and  city  characteristics  than  a  per  capita 
analysis . 

Table  3  summarizes  the  mean  values  for  each  of  the  six-class  land 
use  categories  by  geographic  region  (see  Fig.  5) .  Although  each  group 


is  distinct,  there  .ire  relatively  sin, ill  deviations  from  the  (’land  mean 
in  everal  of  t  ho  categories.  This  reflects  the  relative  homogeneity 
in  the  U.S.  standard  of  living.  There  an*,  however,  statistically 
significant  differences  in  the  fraction  of  inul  t  i  |>  1  e- f  ami  I  y  and  in¬ 
dustrial  land  use.  This  implies  variation  in  combust i hie  densities 
[Small  et  al  .  ,  19H/,  Anno  et  a  1  .  ,  1  'J  8  /  |  . 

Finally,  correlation  coefficients  were  calculated  for  each  land 
use  category  against  the  demographic  and  economic  parameters  used  in 
Table  .  Separate  regressions  were  performed  for  each  region.  The 
results  (listed  in  Table  A)  show  significant  improvement  in  the  cor¬ 
relations  Cor  most  parameters.  The  i  agression  of  single-family  area 
and  population  shown  in  Table  U  is  typical.  For  the  country  as  a 
whole,  the  correlation  is  rather  weak  (r  -  O.AT),  but  when  the  country 
is  divided  into  geographic  regions  (in  Fig.  b)  most  coefficients  are 
around  0.9.  The  classification  of  U.S.  cities  by  region  using  land 
use  as  a  correlate  indicative  of  fuel  loading  thus  seems  consistent 
with  most  measures  of  city  characteristics. 


Table  4.  Repress  i  on  coefficients  for  six-class  area  breakdown. 


Oeographic  Region 


Cor re  late 

W  NW 

Si ngl e-Fami 1 y 

sw 

Area 

N 

S 

NE 

All 

I ncorpora t  ed  a rea 

0.40 

0.98 

0.96 

0 

.88 

0.73 

0 

.96 

0. 

.76 

Developed  area 

1  .00 

1 .00 

0.98 

0 

.86 

0.96 

0 

.88 

0, 

.99 

I’opu  1  a t  ion 

0.08 

1  .00 

0.99 

0 

.85 

0.69 

0 

.92 

0. 

.43 

Fain i 1 i es 

1  .00 

1  .(Ml 

0.95 

0 

.71 

0.52 

0 

.30 

0. 

.92 

lions  i  tig  mi  i  t  s 

0.0  7 

1 . 00 

0 . 94 

0 

.73 

0.41 

0 

.29 

0. 

.90 

S i ngl e- f  am i  1 v  unit s 

0.00 

1.00 

0.97 

0 

.81 

0.74 

0 

.88 

0. 

.97 

F.mp  1  oyment 

1  .00 

1.00 

0.95 

0 

.  73 

0.55 

0 

.22 

0. 

.92 

Mult  i  pie -Fain  i  ly 

Area 

Incorporated  area 

0.82 

0.98 

0.08 

0. 

.81 

0.45 

0. 

.13 

0. 

.51 

Developed  area 

1  . 00 

1.00 

0.77 

0. 

.92 

0.93 

0. 

.67 

0. 

.90 

Populat ion 

0.98 

1.00 

0.20 

0. 

,85 

0.25 

0. 

.50 

0. 

.64 

Fatni  l '  es 

1.00 

1  .00 

0.83 

0. 

.83 

0.46 

0. 

.84 

0. 

.91 

Housing  units 

0.96 

1.00 

0.84 

0. 

.81 

0.36 

0. 

.84 

0. 

.90 

Mul t ipl e- f ami lv  units 

0.88 

1.00 

0.71 

0. 

.73 

-.01 

0. 

.74 

0, 

.79 

Employment 

1.00 

1.00 

0.81 

0. 

,82 

0.49 

0. 

.78 

0. 

.91 

Commercial  Area 


Incorporated  area 

0. 

.89 

0 

.99 

0, 

.89 

0. 

.91 

0.50 

0, 

.89 

0. 

.66 

Developed  area 

1 

.00 

1 

.00 

0. 

.93 

0. 

.73 

0.91 

0, 

.87 

0, 

.92 

Population 

0. 

.97 

1 

.00 

0. 

,91 

0, 

.93 

0.54 

0, 

.93 

0. 

.73 

Families 

0, 

.99 

1 

.00 

0, 

.90 

0. 

.55 

0.46 

0, 

.49 

0. 

.83 

Housing  units 

0, 

.95 

1 

.00 

0. 

.88 

0, 

.56 

0.39 

0, 

.48 

0. 

.80 

Employment 

0, 

.99 

1 

.00 

0, 

.91 

0, 

.56 

0.48 

0, 

00 

0. 

.83 

Retail  firms 

0, 

.99 

1 

.00 

0, 

.92 

0. 

.53 

0.42 

0, 

.64 

0. 

.83 

Retail  employment 

0. 

.99 

1, 

.00 

0. 

,91 

0. 

.59 

0.46 

0. 

.71 

0, 

.84 

Wholesale  firms 

0, 

.99 

1 

.00 

0. 

.91 

0. 

.63 

0.45 

0. 

.28 

0. 

.84 

Wholesale  employment 

0, 

,99 

1 

.00 

0. 

.92 

0. 

.61 

0.60 

0. 

.23 

0. 

.85 

Service  firms 

0, 

.99 

1 

.00 

0. 

,87 

0, 

.60 

0.31 

0. 

.36 

0. 

.82 

Service  employment 

0. 

.99 

1, 

.00 

0. 

,91 

0. 

.58 

0.28 

0. 

.21 

0. 

.83 

Commercial  firms 

0. 

.99 

1 

.00 

0. 

.91 

0. 

.58 

0.39 

0. 

.54 

0. 

.84 

Commercial  employment 

0. 

.99 

1 

.00 

0. 

.92 

0. 

,60 

0.47 

0, 

.53 

0. 

.85 
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Table  4.  Regression  coefficients  for  six-class  area  breakdown 
( Cone  1 uded) . 


Co r re  la t e 


Geographic  Region 

W  NW  SW  N  S  NE  All 


Industrial  Area 


incorporated  area 

0.11 

0.88 

0.79 

0.70 

0.52 

0.88 

0.70 

Developed  area 

0.19 

0.79 

0.81 

0.96 

0.78 

0.86 

0.87 

Populat ion 

0.93 

0.80 

0.79 

0.67 

0.91 

0.82 

0.60 

Families 

0.98 

0.79 

0.88 

0.33 

0.87 

0.51 

0.83 

Housing  units 

0.97 

0.78 

0.88 

0.31 

0.80 

0.52 

0.81 

Employment 

0.98 

0.79 

0.85 

0.32 

0.89 

0.91 

0.82 

Manufacturing  firms 

0.98 

0.87 

0.82 

0.26 

0.95 

0.16 

0.77 

Manufacturing  employment 

0.97 

0.87 

0.78 

0.36 

0.88 

0.31 

0.79 

Production  workers 

0.98 

0.89 

0.80 

0.35 

0.87 

0.32 

0.75 

Street  Area 

Incorporated  area 

0.99 

0.99 

0.99 

0.96 

0.83 

0.98 

0.73 

Developed  area 

0.99 

1.00 

0.97 

0.93 

0.73 

0.92 

0.95 

Populat ion 

0.97 

1.00 

0.98 

0.96 

0.89 

1.00 

0.86 

Families 

0.98 

1.00 

0.99 

0.86 

0.96 

0.75 

0.90 

Housing  units 

0.96 

1.00 

0.93 

0.87 

0.92 

0.79 

0.87 

Employment 

0.98 

1.00 

0.95 

0.87 

0.99 

0.66 

0.89 

Semipublic  Area 


Incorporated  area 

0 

.62 

0 

.96 

0 

.90 

0. 

85 

0 

.19 

1 

.00 

0, 

.59 

Developed  area 

0 

.  79 

0 

.99 

0 

.89 

0. 

59 

0, 

.95 

0 

.83 

0, 

.55 

Population 

0 

.27 

0 

.99 

0 

.80 

0. 

81 

0, 

.62 

0 

.99 

0, 

.73 

Families 

0 

.79 

0 

.99 

0 

.77 

0. 

39 

0, 

.97 

0 

.99 

0, 

.37 

Housing  units 

0 

.82 

0 

.99 

0 

.79 

0. 

35 

0, 

.37 

0 

.99 

0. 

.33 

Employment 

0 

.79 

0 

.99 

0 

.72 

0. 

39 

0, 

.96 

0 

.93 

0. 

.35 

City  government  employment 

0 

.77 

0 

.95 

0 

.61 

0. 

38 

0, 

.87 

0 

.63 

0. 

.38 

Sum  of 

Developed  Land 

Use  Areas 

Incorporated  area 

0 

.99 

0 

.99 

0 

.99 

0. 

97 

0. 

.85 

0, 

.99 

0. 

.99 
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SHUT ION  5 
CONCLUSIONS 


We  have  demonstrated  that  large  (population  >100, 000)  U.S.  cities 
most  naturally  tall  into  six  geographic  categories  when  classified 
according  to  developed-area  land  use.  The  classification  recognizes 
and  accounts  for  t lie  demographic  and  economic  patterns  that  distin¬ 
guish  urban  areas.  Since  land  use  is  the  principal  correlate  and  is 
directly  related  to  building  distributions,  each  group  of  cities  has  a 
distinctive  combustible  mix  and  loading.  Densities  vary  signifi¬ 
cant  ly--as  much  as  250  percent--bet ween  the  city  groups.  Based  on  the 
city  classification  scheme,  estimates  of  smoke  production  can  be 
obtained  that  systematically  account  for  differences  in  urban  geog¬ 
raphy  . 
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APPENDIX 


STATISTICS  BASED  ON  EIGHT-CLASS  AND  LUDA  LAND  USE  CATEGORIES 

The  results  presented  in  Sec.  2  were  developed  from  calculations 
based  on  the  six-cat  egorv  land  use  breakdown.  Statistics  were  also 
developed  for  eight -cl  ass  and  LUDA  land  use  breakdowns.  The  six-class 
breakdown  provided  the  most  relevant  information.  Correlations  of 
demographic  data  with  the  eight-class  and  LUDA  categories  are 
presented  in  Tables  S  and  6.  The  results  of  analyses  by  geographic 
region  are  shown  in  Figs.  6  and  1.  Regression  coefficients  by  region 
are  given  for  both  land  use  breakdowns  in  Tables  7  and  8. 

An  alternative  analysis  based  on  per  capita  land  area  rather  than 
land  use  as  a  fraction  of  developed  area  was  explored  since  land  use 
should  in  principle  correlate  with  population.  Although  population 
rank  (see  Table  2)  was  in  general  a  poor  correlate  (see  p.  6),  it 
proved  to  be  a  better  correlate  for  comparisons  within  each  of  the  six 
regions.  The  results  are  presented  in  Fig.  8.  The  difference  in 
population  density  among  cities  in  the  same  region  caused  the  variance 
within  each  land  use  category  to  be  large--much  larger  than  shown  in 
Fig.  5.  Fractional  land  use,  which  is  related  to  function  or  prin¬ 
cipal  economic  activity,  more  properly  classifies  city  characteristics 
than  per  capita  land  use.  This  is  consistent  with  Table  1. 
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Table  6.  Correlation  coef  1  ie lent s  for  LUDA  area  classes 
versus  census  data. 


Census  Data  11 

Incorporated  area  0.70 

Urban  area3  0.97 

Population  0.54 

Families  0.95 

Housing  units  0.93 

Employment  0.95 

Retail  firms 
Retail  employment 
Wholesale  firms 


Wholesale  employment 
Service  firms 
Service  employment 
Commercial  firms 
Commercial  employment 
Manufacturing  firms 
Manufacturing  employment 
Production  workers 
City  government  employment 
Multiple-family  units 


IJ 

UDA 

Cl 

ass 

if  i 

cati 

on 

a 

12 

13 

14 

16 

17 

0 

.64 

0 

.57 

0 

.42 

0 

.62 

0 

.48 

0 

.91 

0 

.86 

0 

.50 

0 

.44 

0 

.62 

0 

.80 

0 

.82 

0 

.52 

0 

.28 

0 

.86 

0 

.82 

0 

.79 

0 

.32 

0 

.09 

0 

.40 

0 

.79 

0 

.77 

0 

.27 

0 

.07 

0 

.37 

0 

.81 

0 

.78 

0 

.31 

0 

.10 

0 

.40 

0.82 
C .  84 
0.83 
0.85 
0.81 
0.82 
0.83 
0.85 

0.71 

0.70 

0.71 

0.29 


aEqual  to  sum  of  LUDA  land  area  classes. 
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Percent  of  developed  area 


a.  Single  family. 


b.  Multiple  family. 


c.  Commercial. 


d.  Industrial. 

20, - 


5 


2 


5 


W  NW  SW  NS 


Geographic  region 


5 


NE 


Not*:  Error  ban  rapraaant  ona  standard  deviation. 


Figure  6.  Land  use  fractional  areas  for  cities  in  different  geographic 
regions  (eight  land  use  classes). 
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e.  Educational. 


g.  Street. 


Not*.  Error  ban  raprascnt  on*  standard  deviation. 


f.  Transportation. 


h.  Public,  semipublic. 


Figure  6.  Land  use  fractional  areas  for  cities  in  different  geographic 
regions  (eight  land  use  classes)  (Concluded). 
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a.  Residential  (LUDA  11). 


c.  Industrial  (LUDA  13). 


e.  Mixed  urban  (LUDA  16). 


Not*:  Error  ban  rapraaant  on*  itandard  deviation. 


b.  Commercial  and  services  (LUDA  12). 


d.  Transportation,  communications,  and 
utilities  (LUDA  14). 


f.  Other  (LUDA  17). 


Figure  7,  Land  use  fractional  areas  for  cities  in  different  geographic 
regions  (LUDA  land  use  classes). 
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Table  7.  Regression  coefficients  for  eight-class  area  breakdown. 


Geographic  Region 


Correlate 

W 

NW 

SW 

N 

S 

NE 

All 

Single-Family 

Area 

Incorporated  area 

0.90 

0.98 

0.96 

0.88 

0 

.73 

0.96 

0.76 

Developed  area 

1 .00 

1  .00 

0.97 

0.86 

0 

.90 

0.86 

0.99 

Population 

0.98 

1.00 

0.99 

0.85 

0 

.69 

0.92 

0.43 

Families 

1 .00 

1  .00 

0.95 

0.71 

0 

.52 

0.30 

0.92 

Housing  units 

0.97 

1.00 

0.94 

0.73 

0 

.41 

0.29 

0.90 

Single-family  units 

0.99 

1  .00 

0.97 

0.81 

0 

.74 

0.88 

0.97 

Employment 

1.00 

1.00 

0.95 

0.73 

0 

.55 

0.22 

0.92 

Multiple-Family 

Area 

Incorporated  area 

0 .84 

0.99 

0.59 

0.89 

0 

.07 

0.37 

0.42 

Developed  area 

0.99 

1  .00 

0.77 

0.86 

0 

.86 

0.72 

0.89 

Population 

0.96 

1 .00 

0.65 

0.93 

0 

.64 

0.85 

0.79 

Families 

1.00 

1  .00 

0.87 

0.84 

0 

.53 

0.81 

0.92 

Housing  units 

0.96 

1.00 

0.88 

0.83 

0 

.43 

0.82 

0.90 

Multiple-family  units 

0.88 

1  .00 

0.75 

0.74 

0 

.08 

0.72 

0.79 

Employment 

1.00 

1.00 

0.85 

0.83 

0 

.56 

0.75 

0.92 

Commerc 

ial  Area 

Incorporated  area 

0.89 

0.99 

0.89 

0.91 

0 

.50 

0.89 

0.66 

Developed  area 

1 .00 

1  .00 

0.94 

0.69 

0 

.91 

0.86 

0.91 

Population 

0.97 

1 .00 

0.91 

0.93 

0 

.54 

0.93 

0.73 

Families 

0.99 

1  .00 

0.90 

0.55 

0 

.46 

0.49 

0.83 

Housing  units 

0.95 

1.00 

0.88 

0.56 

0 

.39 

0.48 

0.80 

Employment 

0.99 

1.00 

0.91 

0.56 

0 

.48 

0.38 

0.83 

Retail  firms 

0.99 

1.00 

0.92 

0.53 

0 

.42 

0.64 

0.83 

Retail  employment 

0.99 

1  .00 

0.91 

0.59 

0 

.46 

0.71 

0.84 

Wholesale  firms 

0.99 

1.00 

0.91 

0.63 

0 

.45 

0.28 

0.84 

Wholesale  employment 

0.99 

1  .00 

0.92 

0.61 

0 

.60 

0.23 

0.85 

Service  firms 

0.99 

1.00 

0.87 

0.60 

0 

.31 

0.36 

0.82 

Service  employment 

0.99 

1.00 

0.91 

0.58 

0 

.28 

0.21 

0.83 

Commercial  firms 

0.99 

1.00 

0.91 

0.58 

0 

.39 

0.54 

0.84 

Commercial  employment 

0.99 

1  .00 

0.92 

0.60 

0 

.47 

0.53 

0.85 

Industrial  Area 


Incorporated  area 

0.91 

0.88 

0.74 

0.70 

0.52 

0.88 

0.70 

Developed  area 

0.99 

0.81 

0.81 

0.54 

0.79 

0.87 

0.87 

Population 

0.93 

0.80 

0.79 

0.67 

0.91 

0.82 

0.60 

Families 

0.98 

0.79 

0.88 

0.33 

0.87 

0.51 

0.83 

Housing  units 

0.97 

0.78 

0.88 

0.31 

0.80 

0.52 

0.81 

Employment 

0.98 

0.79 

0.85 

0.32 

0.84 

0.41 

0.82 

Manufacturing  firms 

0.98 

0.87 

0.82 

0.26 

0.45 

0.16 

0.77 

Manufacturing  employment 

0.97 

0.87 

0.78 

0.36 

0.88 

0.31 

0.74 

Production  workers 

0.98 

0.89 

0.80 

0.35 

0.87 

0.32 

0.75 
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Table  7.  Regression  coefficients  for  eight-class  area  breakdown 
(Concluded) . 


Geographic  Region 


Correlate 

W 

NW 

sw 

N 

S 

NE 

All 

Transportat ion 

Area 

Incorporated  area 

0.76 

-0.37 

0.34 

0.71 

0.78 

0.77 

0.54 

Developed  area 

0.74 

-0.50 

0.50 

0.71 

0.81 

0.41 

0.42 

Populat ion 

0.68 

-0.52 

0.48 

0.71 

0.59 

0.77 

0.52 

Families 

0.73 

-0.53 

0.63 

0.44 

0.25 

0.75 

0.32 

Housing  units 

0.72 

-0.54 

0.63 

0.44 

0.14 

0.75 

0.27 

Employment 

0.73 

-0.52 

0.62 

0.44 

0.20 

0.76 

0.31 

Educational  Area 

Incorporated  area 

0.95 

1  .00 

0.68 

0.71 

0.84 

0.43 

0.73 

Developed  area 

0.95 

1.00 

0.68 

0.23 

0.90 

0.32 

0.88 

Population 

0.79 

1 .00 

0.62 

0.80 

0.62 

0.63 

0.69 

Fami 1 ies 

0.95 

1.00 

0.58 

0.23 

0.74 

0.62 

0.78 

Housing  units 

0.90 

1 .00 

0.55 

0.28 

0.65 

0.63 

0.76 

Employment 

0.95 

1.00 

0.59 

0.28 

0.68 

0 .66 

0.78 

Street  Area 

Incorporated  area 

0.99 

0.99 

0.94 

0.96 

0.83 

0.98 

0.73 

Developed  area 

0.99 

1  .00 

0.92 

0.93 

0.77 

0.93 

0.94 

Population 

0.97 

1.00 

0.98 

0.96 

0.84 

1.00 

0.86 

Families 

0.98 

1  .00 

0.94 

0.86 

0.96 

0.75 

0.90 

Housing  units 

0.96 

1.00 

0.93 

0.87 

0.92 

0.74 

0.87 

Employment 

0.98 

1  .00 

0.95 

0.87 

0.94 

0.66 

0.89 

Semipublic  Area 


Incorporated  area 

0.56 

0.98 

0.83 

0.80 

0.12 

0.97 

0.50 

Developed  area 

0.53 

1.00 

0.76 

0.48 

0.72 

0.86 

0.46 

Population 

0.20 

1  .00 

0.62 

0.71 

0.53 

0.99 

0.73 

Famil ies 

0.70 

1.00 

0.66 

0.27 

0.51 

0.37 

0.29 

Housing  units 

0.76 

1  .00 

0.63 

0.28 

0.40 

0.35 

0.26 

Employment 

0.70 

1.00 

0.61 

0.27 

0.51 

0.28 

0.28 

City  government  employment 

0.68 

0.97 

0.49 

0.28 

0.86 

0.43 

0.29 

Sum  of  Developed  Land 

Use 

Areas 

Incorporated  area 

0.99 

0.99 

0.95 

0.97 

0.86 

0.99 

0.94 

Table  8.  Regress  1  on  roc  f  f  i  c  I  ent  s  for  l.UDA  air.i  breakdown. 


Ceograph  i  r  Region 


(.'or  re  1  at  e 

U 

NW 

SW 

N 

S 

NE 

A 1  1 

Urban  Area  (No.  1) 

Incorporated  area 

0.43 

l  .00 

0 . 9  3 

0.98 

0.8/ 

0.98 

0.93 

Res i dent i a  1 

Area 

(No.  11) 

Incorporated  area 

0.86 

0.98 

0.93 

0.97 

0.79 

0.99 

0.76 

Urban  area 

0.90 

1  .00 

0.93 

0.98 

0.98 

0.9  5 

0.97 

Popu 1  at i on 

0.9/ 

1  .00 

0.99 

0.94 

0.65 

0.98 

0.54 

Fami lies 

1  .00 

1  .00 

0.96 

0.84 

0.70 

0.60 

0.95 

Housing  units 

0.9/ 

1  .00 

0.95 

0.85 

0.60 

0.59 

0.93 

Employment 

1  .00 

1  .00 

0.96 

0.85 

0.72 

0.51 

0.95 

Commercial  and  Service 

Area 

(No.  12) 

Incorporated  area 

0.91 

0.98 

0.82 

0.91 

0.65 

0.88 

0.70 

Urban  area 

0.99 

1.00 

0.89 

0.96 

0.94 

0.78 

0.91 

Population 

0.96 

1.00 

0.80 

0.92 

0.72 

0.96 

0.80 

Fami  1  ies 

0.97 

1 .00 

0.84 

0.66 

0.63 

0.55 

0.82 

Housing  units 

0 . 94 

1.00 

0.82 

0.68 

0.56 

0.55 

0.79 

Employment 

0.97 

1.00 

0.85 

0.67 

0.62 

0.47 

0.81 

Retail  firms 

0.97 

1.00 

0.86 

0.65 

0.53 

0.70 

0.82 

Retail  employment 

0.97 

1 .00 

0.86 

0.69 

0.60 

0.73 

0.84 

Wholesale  firms 

0.97 

1 .00 

0.87 

0.75 

0.54 

0.41 

0.83 

Wholesale  employment 

0.98 

1.00 

0.88 

0.74 

0.69 

0.36 

0.85 

Service  firms 

0.97 

1 .00 

0.82 

0.72 

0.41 

0.45 

0.81 

Service  employment 

0.97 

1.00 

0.86 

0.71 

0.39 

0.32 

0.82 

Commercial  firms 

0.97 

1 .00 

0.85 

0.70 

0.50 

0.63 

0.83 

Commercial  employment 

0.97 

1.00 

0.87 

0.72 

0.58 

0.62 

0.85 

Industrial 

Area  (No.  13) 

Incorporated  area 

0.89 

0.83 

0.74 

0.67 

0.37 

0.95 

0.65 

Urban  area 

0.99 

1.00 

0.81 

0.73 

0.69 

0.88 

0.86 

Population 

0.96 

0.73 

0.79 

0.65 

0.85 

0.92 

0.82 

Fami 1 ies 

0.97 

0.72 

0.87 

0.40 

0.91 

0.57 

0.79 

Housing  units 

0.97 

0.71 

0.87 

0.38 

0.86 

0.57 

0.77 

Employment 

0.97 

0.73 

0.84 

0.38 

0.87 

0.47 

0.78 

Manufacturing  Firms 

0.96 

0.81 

0.81 

0.31 

0.44 

0.22 

0.71 

Manufacturing  employment  0.96 

0.82 

0.77 

0.40 

0.79 

0.35 

0.70 

Production  workers 

0.97 

0.84 

0.79 

0.40 

0.78 

0.36 

0.71 
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Table  8.  Regression  coefficients  for  LUDA  area  breakdown  (Concluded). 


Correlate 


Geographic  Region 

W  NW  SW  N  S  NE  All 


Transportation,  Communication,  and  Utility  Area  (No.  14) 


Incorporated  area 

0 

.76 

-0.37 

0.34 

0, 

.71 

0. 

.78 

0 

.77 

0.54 

Urban  area 

0 

.74 

-0.36 

0.55 

0, 

.84 

0. 

.85 

0 

.38 

0.50 

Population 

0 

.68 

-0.52 

0.48 

0. 

.71 

0. 

.59 

0 

.77 

0.52 

Families 

0 

.  /3 

-0.53 

0.63 

0, 

,44 

0. 

.25 

0 

.75 

0.32 

Housing  units 

0 

.72 

-0.54 

0.63 

0, 

,44 

0. 

.14 

0 

.75 

0.27 

Employment 

0 

.73 

-0.52 

0.62 

0. 

.44 

0. 

.20 

0 

.76 

0.31 

Mixed 

Urban 

Area  (No.  16) 

Incorporated  area 

0 

.52 

0.98 

0.59 

0. 

.70 

0. 

,06 

0. 

.95 

0.46 

Population 

0 

.15 

1.00 

0.60 

0. 

,58 

0. 

,50 

0. 

.93 

0.44 

Families 

0 

.56 

1.00 

0.60 

0. 

,07 

0. 

37 

0. 

.44 

0.22 

Housing  units 

0 

.59 

1.00 

0.58 

0. 

,08 

0. 

,27 

0. 

.42 

0.19 

Employment 

0 

.56 

1.00 

0.57 

0. 

,07 

0. 

,37 

0. 

.37 

0.21 

Open  and  Other  Area 

(No. 

17) 

Incorporated  area 

0 

.85 

1.00 

0.84 

0. 

91 

0. 

36 

0. 

.98 

0.48 

Urban  area 

0 

.63 

1.00 

0.74 

0. 

93 

0. 

73 

0. 

.65 

0.62 

Population 

0 

.61 

1.00 

0.64 

0. 

92 

0. 

74 

1. 

.00 

0.87 

Families 

0 

.86 

1.00 

0.67 

0. 

91 

0. 

86 

0. 

.39 

0.42 

Housing  units 

0 

.90 

1.00 

0.64 

0. 

91 

0. 

81 

0. 

.40 

0.39 

Employment 

0 

.86 

1.00 

0.62 

0. 

90 

0. 

78 

0. 

.36 

0.41 

City  government  employment 

0 

.85 

1.00 

0.48 

0. 

90 

0. 

69 

0. 

,33 

0.30 
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Area  Area 


if*  yn  knf  y*  v* 


a.  Incorporated 


b.  Developed 


W  NW  SW  N  S  NE 
Geographic  region 


c.  Single  family. 


W  NW  SW  NS  NE 
Geographic  region 


W  NW  SW  NS 
Geographic  region 


d.  Multiple  family. 


W  NW  SW  NS 
Geographic  region 


Nota:  Error  ban  rapraaant  on*  Hmd«n)  deviation. 


Figure  8.  Per  capita  land  use  for  cities  in  classification  groups 


Area  Area 
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e.  Commercial. 


W  NW  SW  N  S  NE 
Geographic  region 


Geographic  region 


I.  Street.  h.  Public,  semipublic. 


W  NW  SW  N  S  NE  W  NW  SW  N  S  NE 


Geographic  region  Geographic  region 

Not*:  Error  ban  rapraaant  on*  ftandarri  deviation. 

Figure  8.  Per  capita  land  use  for  cities  in  classification  groups  (Concluded) 
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ATTN:  T  J  MASON 

PACIFIC-SIERRA  RESEARCH  CORP 
2  CYS  ATTN:  B  W  BUSH 
ATTN:  GANNO 

ATTN:  H  BRODE,  CHAIRMAN  SAGE 


ATTN  M  DORE 
2 CYS  ATTN  R SMALL 

PHOTOME  T RICS,  INC 

ATTN  ILKOFSKY 

PHYSICAL  RESEARCH  INC 
ATTN  H  FITZ 

PHYSICAL  RESEARCH,  INC 

ATTN:  DWESTPHAL 
ATTN:  D  WHITENER 
ATTN:  H  WHEELER 
ATTN:  R  BUFF 
ATTN  R  DELIBERIS 
ATTN:  T  STEPHENS 
ATTN:  WC  BLACKWELL 

PHYSICAL  RESEARCH,  INC 
ATTN:  G HARNEY 
ATTN:  J  DEVORE 
ATTN:  J  THOMPSON 
ATTN:  R  STOECKLY 
ATTN:  W  SCHLUETER 

PHYSICAL  RESEARCH,  INC 
ATTN:  H  SUGIUCHI 

POLYTECHNIC  OF  NEW  YORK 
ATTN:  BJ  BULKIN 
ATTN  GTESORO 

PRINCETON  UNIVERSITY 

ATTN:  J  MAHLMAN 

QUADRI  CORP 

ATTN:  H  BURNSWORTH 

R  &  D  ASSOCIATES 

ATTN:  AKUHL 
ATTN:  D  HOLLIDAY 
ATTN:  F  GILMORE 
ATTN:  G  JONES 
ATTN:  J  SANBORN 
ATTN:  RTURCO 

R  &  D  ASSOCIATES 

ATTN:  B  YOON 

RADIATION  RESEARCH  ASSOCIATES,  INC 
ATTN:  B  CAMPBELL 
ATTN:  M  WELLS 

RAND  CORP 

ATTN:  GL  DONOHUE 
ATTN:  P  DAVIS 
ATTN:  P  ROMERO 

RAND  CORP 

ATTN:  B  BENNETT 
ATTN:  J  GERTLER 

ROCKWELL  INTERNATIONAL  CORP 
ATTN:  J  KELLEY 
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S  CUBED 

ATTN  B  FREEMAN 
ATTN  K  D  PYATT,  JR 
ATTN  R  LAFRENZ 

SCIENCE  APPLICATIONS  INC 
ATTN  REDELMAN 

SCIENCE  APPLICATIONS  INTL  CORP 
ATTN  CHILL 

SCIENCE  APPLICATIONS  INTL  CORP 


ATTN 

B  MORTON 

ATTN 

B  SCOTT 

ATTN 

D  SACHS 

ATTN 

DR  M  MCKAY 

ATTN 

G  T  PHILLIPS 

ATTN 

J  BENGSTOM 

ATTN: 

M  DRAKE 

ATTN 

D  HAMLIN 

SCIENCE  APPLICATIONS  INTL  CORP 
ATTN  D BACON 
ATTN:  DRLGOURE 
ATTN  F  GIESSLER 
ATTN:  J COCKAYNE 
ATTN:  J  SHANNON 
ATTN:  J STUART 
ATTN:  MSHARFF 
ATTN:  WLAYSON 

SCIENCE  APPLICATIONS  INTL  CORP 
ATTN  JSONTOWSKI 

SCIENCE  APPLICATIONS  INTL  CORP 
ATTN  T  HARRIS 

SCIENTIFIC  RESEARCH  ASSOC,  INC 
ATTN:  B  WEINBERG 

SCIENTIFIC  SERVICES,  INC 
ATTN:  C  WILTON 

SRI  INTERNATIONAL 

ATTN:  CWITHAM 
ATTN:  D GOLDEN 
ATTN:  D  MACDONALD 
ATTN:  D ROBERTS 
ATTN  EUTHE 
ATTN:  GABRAHAMSON 
ATTN  J  BACKOVSKY 
ATTN  W  CHESNUT 

SRI  INTERNATIONAL 

ATTN:  RBRAMHALL 
ATTN  R  WOOLFOLK 

ATTN:  W  VAILSTAN  MARTIN  ASSOCIATES 
ATTN.  SB  MARTIN 

SYSTEM  PLANNING  CORP 
ATTN:  B GARRETT 
ATTN:  C  FELDBAUM 
ATTN:  J  SCOURAS 
ATTN  M  BIENVENU 
ATTN:  R  SCHEERBAUM 


SYSTEMS  AND  APPLIED  SCIENCES  CORP 
ATTN  M KAPLAN 

TECHNOLOGY  INTERNATIONAL  CORP 
ATTN  WBOQUIST 

TELEDYNE  BROWN  ENGINEERING 
ATTN  AORTELL 
ATTN:  F  LEOPARD 
ATTN  J  FORD 

TELEDYNE  BROWN  ENGINEERING 
ATTN  DGUICE 

TEXAS  ENGR  EXPERIMENT  STATION 
ATTN:  W  H  MARLOW 

TOYON  RESEARCH  CORP 
ATTN  CTRUAX 
ATTN:  J  GARBARINO 
ATTN:  J  ISE 

TRW  ELECTRONICS  &  DEFENSE  SECTOR 
ATTN  M  HAAS 

TRW  INC 

ATTN:  FFENDELL 
ATTN.  GKIRCHNER 
ATTN:  H  CROWDER 
ATTN:  JFEDELE 
ATTN:  M  BRONSTEIN 
ATTN:  R  BACHARACH 
ATTN:  S  FINK 
ATTN:  T  NGUYEN 

TRW  SPACE  AND  DEFENSE 

ATTN:  H  BURNSWORTH 
ATTN:  J  BELING 

VISIDYNE,  INC 

ATTN:  H  SMITH 
ATTN:  J CARPENTER 

DIRECTORY  OF  OTHER 

ZTMOS.  SCIENCES 

ATTN:  GSISCOE 

BROWN  UNIVERSITY 

ATTN:  RK  MATTHEWS 

BUCKNELL  UNIVERSITY 

ATTN:  0  ANDERSON 

CALIFORNIA,  UNIVERSITY  OF 

ATTN:  L  BADASH/DEPT  OF  HISTORY 

COLORADO,  UNIVERSITY  LIBRARIES 
ATTN:  J  BIRKS 
ATTN:  R  SCHNELL 

DREXEL  UNUVERSITY 

ATTN:  J  FRIEND 

DUKE  UNIVERSITY 

ATTN:  F  DELUCIA 
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GEORGE  MASON  UNIVERSITY 
ATTN  PROFS  SINGER 
ATTN  R  EHRLICH 

GEORGE  WASHINGTON  UNIVERSITY 
ATTN  R GOULARD 

GEORGIA  INST  OF  TECH 

ATTN  E PATTERSON 

HARVARD  COLLEGE  LIBRARY 
ATTN  W  PRESS 

HARVARD  UNIVERSITY 

ATTN  DEARDLEY 

IOWA,  UNIVERSITY  OF 

ATTN  HISTORY  DEPT/S  PYNE 

MARYLAND  UNIVERSITY  OF 

ATTN:  A  ROBOCK  DEPT  METEORLGY 
ATTN:  A  VOGELMANN  DEPT  METEORl  GY 
ATTN:  R  ELLINGSON  DEPT  METEORl  GY 

MIAMI  LIBRARY  UNIVERSITY  OF 
ATTN  C CONVEY 

MIAMI  UNIV  LIBRARY 

ATTN  J  PROSPERO  ATMOS  SC 

NEW  YORK  STATE  UNIVERSITY  OF 
ATTN:  R  CESS 

OAK  RIDGE  ASSOCIATED  UNIVERSITIES 
ATTN:  C  WHITTLE 

PENNSYLVANIA  STATE  UNIVERSITY 
ATTN:  DWESTPHAL 

SOUTH  DAKOTA  SCH  OF  MINES  &  TECH  LIB 
ATTN:  H  ORVILLE 

TENNESSEE,  UNIVERSITY  OF 
ATTN:  K  FOX 

UNIVERSITY  OF  SOUTH  FLORIDA 
ATTN:  SYING 

UNIVERSITY  OF  WASHINGTON 
ATTN:  CLEOVY 
ATTN:  LRAOKE 
ATTN:  P  HOBBS 

VIRGINIA  POLYTECHNIC  INST  LIB 
ATTN:  M  NADLER 

WASHINGTON  STATE  UNIVERSITY 
ATTN:  DR  A  CLARK 

WISCONSIN  UNIVERSITY  OF 
ATTN:  P  WANG 
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